Abstract Five blends of sorghum (Sorghum bicolor) flour (25.0-45.0 %) and whole wheat flour were used to make biscuits using inulin (5.0-10.0 %) and guar gum (1.0-2.0 %). An experimental investigation was carried out with the aim of evaluating the effect of fat replacer (inulin) and sorghum flour on the quality of high fibre and low calorie biscuits. For this purpose, the biscuit dough and the biscuit samples were analyzed. The analysis was based on hardness of the dough, hardness of the biscuit, fracturability and overall acceptability (OAA) scores. Results showed that increasing the amount of sorghum flour in biscuit increased the dough hardness and biscuit hardness, whereas, biscuit fracturability decreased and OAA scores increased up to the level at which sorghum flour ranged from 35.0 to 40.0 % after which it decreased. An increase in the amount of inulin was followed by an increase in biscuit hardness, while, fracturability and OAA scores decreased and there was little effect on the dough hardness. Optimum conditions generated from the analysis was 40.8 % sorghum flour, 6.5 % inulin and 1.0 % guar gum. The predicted response in terms of dough hardness, fracturability, biscuit hardness and OAA were 212.4 g, 36.4 mm, 4.8 kg and 7.06, respectively. The desirability of the optimum condition was 0.827.
Introduction
Biscuits are convenient food products, becoming very popular among both rural and urban populations across the world. Some of the reasons for such wide popularity are low cost relative to other processed foods, varied taste and longer shelf life (Gandhi et al. 2001) . Biscuits have also been considered a better vehicle of fortification with protein because of their popularity, high nutrient density and long shelf-life (Sudha et al. 2007 ). In biscuit making, the principal ingredients are wheat flour, sugar, fat, water and salt. These are mixed together with other minor ingredients (baking powder, skimmed milk, emulsifier and sodium metabisulphite) to form a dough containing a gluten network (Chevallier et al. 2000) . Soft wheat flours are normally used for biscuit preparation, but they can also be made with non-wheat flours such as sorghum (Dendy 1993) . Biscuits have also been made with sorghum flour and were found to be gritty and fragile (Badi and Hoseney 1976) . Biscuits of acceptable quality have been made with wheatsorghum composites with 5 % defatted soy flour (Mridula et al. 2007) . High fibre cookies could also be successfully developed using whole grain millets at pilot scale along with fructan in the form of fructoligosaccharide (Handa et al. 2011) .
In recent years, there has been an increased consumer interest and demand for low fat and high fibre food products. High fat intake is associated with various health disorders such as obesity, cancer, high blood cholesterol, and coronary heart disease (Akoh 1998). This awareness has caused consumers to be wary of the intake of fat in their diet (O'Neil 1993) . Due to this reason, in spite of the important role played by fat, there have been continued efforts to reduce the fat content in food products and replace it with various fat replacers.
Reducing dietary fat and increasing dietary fibre is a major dietary goal for many consumers. In this product "High Fibre, Low Calorie Biscuits" -inulin, a carbohydrate based fat replacer has been used to provide low calorie and high functionality along with sorghum flour and whole wheat flour to increase the dietary fibre content of the desired product. Dietary fibre has been for centuries recognized as having health benefits. Fiber intake through the consumption of food rich in dietary component, such as fresh vegetables, fruits, whole grains and nuts has been associated with a reduction in plasma and LDL-cholestrol, attenuating glycemic and insulin response, increasing stool bulk and improving laxation (Schneeman 1998) . (Awika et al. 2004) reported that sorghum is a rich source of various phytochemicals including tannins, phenolic acids, anthocyanins, phytosterols and policosanols. These phytochemicals have potential to significantly impact human health. Sorghums containing tannins are widely reported to reduce caloric availability and hence weight gain in animals. This property is potentially useful in helping reduce obesity in human beings. Phytochemicals present in sorghum also promote cardiovascular health in animals.
Dietary fiber components, provide many functional properties to the foods. These functional properties also influence the properties of food during processing and final product quality and characteristics. Bran is perhaps the best source of dietary fibre. Wheat bran is the outer layer of wheat grain making up about 13 % of the weight of whole grain and a good source of proteins and minerals apart from being a rich source of dietary fibre. The fibre in wheat bran is mainly of the insoluble type (Yadav et al. 2010) . Major epidemiological studies show a reduced risk of 20 to 30 % for type 2 diabetes associated with higher intakes of whole grain or cereal fibre (Murtaugh et al. 2003) . Evidence from observational studies and clinical trials suggests that high dietary fibre intake improved blood glucose control in people with diabetes and, in non-diabetic individuals, and whole grains may lower the fasting insulin levels and decrease insulin resistance (Slavin 2004) Recent research has shown an important physiological action for inulin (Roberfroid 1993; Gibson et al. 1995) . Like some pectins and fructo-oligosaccharides, inulin is a preferred food for the lactobacilli in the intestine and can improve the balance of friendly bacteria in the bowel.
Materials and methods
Materials Sorghum flour, whole wheat flour, guar gum and materials such as sugar, butter, baking powder, baking soda and eggs were procured from the local market of Varanasi, India. Carbohydrate based fat replacer i.e. inulin (trade name ORAFTI®GR) obtained from the company BENEO was sourced from S.A. Pharma, Mumbai, India.
Experimental design Response surface methodology which involves design of experiments, selection of levels of variables in experimental runs, fitting mathematical models and finally selecting variable levels by optimizing the response (Khuri and Cornell 1987) was employed in the study. A central composite rotatable design (CCRD) was used to design the experiments comprising of three independent variables (Table 1) . Twenty experiments were performed taking into account three factors, viz., sorghum flour, inulin and guar gum. There were six experiments at centre point to calculate the repeatability of the method (Montgomery 2001) . This was based on the textural and sensory characteristics of the biscuit viz. dough hardness, fracturability, biscuit hardness and OAA scores.
Processing of biscuits Control biscuits were prepared by using refined wheat flour (50 g), sugar (16 g), butter (25 g), eggs (6.5 g), baking powder (2.0 g) and baking soda (0.5 g). For experimental biscuit, sorghum flour and whole wheat flour replaced the refined wheat flour and were mixed in the required proportion as per the response surface design (Table 1 ). The various blends of sorghum flour, inulin and guar gum were sieved together with other dry ingredients as mentioned above. Fat and sugar powder were mixed for 4 min., then 6.5 g beaten egg along with few drops of vanilla essence was incorporated to the cream. The fluffy flavored cream was thoroughly mixed with the sieved ingredients and kneaded gently with hot water. This dough was then kept in the refrigerator for 5 min. The oven was pre-heated to 250°C. The dough was then rolled on a platform and cut into round shape. Cut biscuit doughs were then lined upon food grade steel mesh on an oven tray and baked in the oven at 200°C for 25 min and cooled for 30 min at ambient temperature. Biscuits of each formulation were made three separate times. For chemical analysis, biscuits were ground using a mortar and pestle to a particle size of less than 1 mm before storage.
Texture analysis The textural properties of biscuits and biscuit dough were judged on the basis of hardness and fracturability. These attributes were measured on a Texture Analyzer (TA-HDi, Stable Micro Systems, UK). The load cell used was 50 kg and the crosshead speed was 10 mm / min with a clearance of 1.5 cm. Biscuit dough was sheeted to a thickness of 1 cm. It was cut to 4 cm diameter and was used for texture measurement. The force required to break 5 biscuits individually were recorded and the average value reported.
Sensory evaluation The biscuit samples were evaluated for their sensory characteristics such as colour and appearance, flavor and texture. The sensory analysis was carried by a semi-trained sensory panel consisting of 10 members drawn from staff and doctoral students of the Centre of Food Science and Technology, Banaras Hindu University, Varanasi, India. The judges were requested to record their degree of liking/disliking on a score card using hedonic scale ranging from 1 to 9, where 1 represented 'dislike extremely' and 9 represented 'like extremely' (Larmond 1977) . The overall acceptability score was calculated by taking the average of scores for all three parameters viz. colour & appearance, flavor and texture. Sensory evaluation was done at 25°C and 65 % relative humidity.
Chemical analysis Moisture, ash, crude fat and protein were determined using AOAC (1997) methods. The carbohydrate content of the samples was calculated by difference. For the estimation of total dietary fibre, the defatted residue of biscuits obtained during the analysis for crude fat was finally powdered using a blender to pass through a sieve of 100 mesh. This fine powder of each sample was utilized for the estimation of total dietary fibre content following the method of Asp et al. (1983) . The Caloric value of biscuits was determined by the method described by Keating and White (1990) . All Experiments were conducted in triplicate.
Data analysis Analysis of data generated during the present investigation was carried out using RSM by employing CCRD. The experimental data obtained from the design were analyzed using the second order polynomial equation (Eq. 1):
Where,
Independent variables
Results and discussion
Response surface analysis was applied to the experimental data and the response surface model (Eq. 1) was fitted to the textural characteristic (viz. dough hardness, biscuit hardness and fracturability) and OAA score. The statistical significance of the model term was examined with the help of regression analysis and analysis of variance (ANOVA). It was observed that the lack-of-fit test (F values) for all the models were insignificant (F cal <F tab ), implying that the models were accurate enough to predict the responses. 
The linear model was highly significant (P<0.0001). Biscuit dough hardness was in the range of 89.4-283.7 g. The coefficient of determination (R 2 ) for the relationship between effect of variables viz. sorghum flour, inulin and guar gum on dough hardness was 0.93. The coefficeint of estimation of biscuit dough hardness showed that as the level of sorghum flour and guar gum was increasing, hardness of the dough was also increasing and only when the level of inulin was increasing did the hardness of the dough decrease (Table 2 ). It can also be seen from Fig. 1(a) that with the increase in the level of sorghum, the dough hardness increases however inulin does not show any significant effect on the dough hardness. (Dhingra et al. 2011) reported that primarily, long chain polymers, such as the gums (guar gum, tragacanth gum) bind significant water and exhibit high solution viscosity. It could be inferred that due to more absorption of water, hardness of dough increases. Kalinga and Mishra (2009) found that batter viscosity for low fat cake increased when shortening was replaced with oat or barley β-glucan concentrates. 
The linear model was highly significant (P<0.0001). Fracturability of biscuits varied from 36.2 to 37.4 mm. The coefficient of determination (R 2 ) was 0.7623. The coefficeint of estimation of biscuit fracturability showed that as the level of sorghum flour and inulin was increasing, biscuit fracturability was decreasing (Table 2) . Fig. 1(b) shows that with the increase in the level of sorghum and inulin, the fracturability of biscuits decreases. (Serrem et al. 2011) reported that sorghum biscuits were associated with dry and crispy texture. Crispiness in sorghum biscuits could be probably because of the absence of gluten. 
Biscuit hardness
The linear model was significant (P <0.0001). The coefficient of determination (R 2 ) was 0.71. Biscuit hardness varied from 3.2 to 10.4 kg. The coefficeint of estimation of biscuit hardness showed that as the level of sorghum flour was increasing, hardness of the biscuits was decreasing, however as the level of guar gum and inulin was increasing, the hardness of the biscuit was also increasing (Table 2 ). From Fig. 1(c) , it can also be observed that with the increase in the level of inulin, the hardness of the biscuit was highly increasing, which is undesirable. Lee et al. (2004) also reported that addition of nutrim oat bran increased the hardness of cake and lowered its springiness. Onwulata et al. (2000) prepared high fibre (40 % oat bran) 
rich extruded snacks and reported an increase in the hardness of snacks. Yadav et al. (2010) also reported that the hardness of chapaties also increased as the level of oat bran and wheat bran increased. The gritty, coarse and rough characteristics of sorghum biscuits may be becuase of the hard vitreous endosperm cells of sorghum grain that remain intact during milling (Rooney and Miller 1982) , which is related to the fact that the sorghum starch granules are encapsulated by hydrophobic cross-linked kafirins (Ezeogu et al. 2008) . 
The quadratic model was significant (P<0.0001) and overall acceptability varied from 6.5 to 7.5. The coefficient of determination (R 2 ) was 0.9655. The coefficeint of estimation of OAA score showed that the level of sorghum flour had no effect,whereas as the level of guar gum and inulin was increased, OAA score decreased (Table 2) . It could also be observed from Fig. 1d that with the increase in the level of inulin, the OAA score decreases continuously and with the increase in the level of sorghum flour till the range of 35-40 % there was significant increase in the OAA score after which it decreases. Fig. 1 (d and e) also show the effect of guar gum, inulin. Yadav et al. (2010) also reported that the OAA score of chapaties decreased as the level of oat bran and wheat bran was increased.
Optimization The numerical optimization technique of the Design-Expert software (8.0.5) was used for simultaneous optimization of the multiple responses. The constraints have been listed in Table 3 . The desired goals for each factor and response were chosen. Responses obtained after each trial were analyzed to visualize the interactive effect of various parameters on sensory attributes and textural properties of biscuits. Optimized solutions obtained from the Design Expert software for the dough hardness, biscuit fracturability, biscuit hardness and OAA score is presented in Table 4 . Fig. 1 shows the response surface plot for the desirability of the product according to the optimized biscuit selected (Table 4 ). The desirability of the biscuit increases until the level of sorghum ranges from 35 to 40 %, after which it decreases. The level of inulin does not show much significant effect on the desirability. Out of 4 suggested formulations, the formulation No. 1 had better OAA score of 7.06 than all other formulations and also the desirability was 0.827, which was the highest amongst all other formulations (Table 4) . Further studies for the chemical composition of the biscuit was carried out only for optimized product having highest desirability, 0.827.
Chemical composition
The chemical composition of the optimized biscuits prepared using 40.8 % sorghum flour, 6.5 % inulin and 1.0 % guar gum was determined and the results are presented in Table 5 . There was a significant Where, B 1 0 Control biscuit, B 2 0 Optimized high fibre biscuit a average of three replications decrease in the fat content as the optimized product had a fat content of 17.1 % compared to 23.5 % fat in the control. The dietary fibre content of the optimized biscuit was found to be 5.3 %, much higher than the control sample which only contained 0.2 % dietary. According to FDA (1998) any food claimed as fibre rich for its health benefit should contain at least 4 g per reference amount total dietary fibre. Considering FDA (1998) standards, this optimized sorghum based biscuit may be claimed as a fibre rich product for the functional health benefits.
Conclusion
Optimization of the levels of sorghum flour, inulin and gum for the processing of high fibre and low calorie biscuits is predicted based on score of sensory quality, and textural characteristics using RSM package. The formulation with 40.8 % sorghum flour, 6.5 % inulin and guar gum of 1.0 % was considered to be the most appropriate for producing the sorghum based high fibre and low calorie biscuit. The developed biscuit had 5.3 % total dietary fibre and meets the standards of FDA (1998) for claiming the functional health benefits of fibre rich biscuits.
